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CDR grafted Antl-CEA antibodies and their production 



FIELD OF THE IMVKM ' i ' X ON 

The present invention relates to humanised antibody 
molecules (HAMs) having specificity for Carcinoembryonic 
Antigen (CEA) and to processes for their production using 
recombinant DNA technology. 

The term "humanised antibody molecule" (HAM) is used to 
describe a molecule having an antigen binding site derived 
from an iimnunoglobulin from a non-human species, the 
remaining immunoglobulin-derived parts of the molecule 
_ derived from^a .human immunoglobulinT The antigen 

binding site may comprise either complete variable regions 
fused onto human constant domains or only the 
complementarity determining regions (CDRs) grafted onto 
appropriate human framework regions in the variable 
domains. The abbreviation . "MAb " is used to indicate a 
monoclonal antibody. 

In the description, reference is made to publications by 
number, and these publications are listed in numerical 
order at the end of the description. 

BACKGROUND OF THE IMVEMTION 

Natural immunoglobulins have been known for many years, as 
have the various fragments thereof, such as the Fab, 
(Fab") 2 and Fc fragments, which can be derived by 
enzymatic cleavage. Natural immunoglobulins comprise a 
generally Y-shaped molecule having an antigen-binding -site 
towards the outer end of each upper arm. The remainder 
of the structure, and particularly the stem of the Y, 
mediates the effector functions associated with 
immunoglobulins . 



SUBSTITUTE SHEET 



wo 92/01059 



PCT/GB91/01108 



. . . - . " 2 

NattiraJ. iinnanoglohul have been used in assay, diagnosis 
and, to a- more limited extent, therapy. However, such 
uses, especially in therapy, have been hindered by the 
polyclonal nature of natural immunoglobulins. A 
significaiit step towards the realisation of the potential 
of immunoglobulins as therapeutic agents was the discoveiry 
of procetjares for the production of monoclonal antibodies 
of d^fiiied specificity (1). However, most MAbs are 
prodiaced fay hyfaridomas which are fusions of rodent spleen 
cells with rodent myeloma cells. The resultant MAbs are 
therefore essentially rodent proteins. There are very 
few reports of the production of human MAbs. 

Since most available MAbs are of rodent origin, they are 
naturaily cantigenic-in humans a thus can give rise to an 
undesirable immune response termed the HSMA (Human 
Anti-Mous^ Antibody4_^esponse. Therefore, the use of 
rodent MM^s as therapeutic agents in humans is inherently 
limited by the fact that the human subject will mount an 
iimnunplogi.cal. response to the MAb and will either remove 
it entirely or at least reduce its effectiveness. 

Therefore - proposals have been made* for making non-human 
MAbs less . antigenic in humans. Such techniques can be 
genericalily teinned "humanisation" techniques. These 
techniques generally involve the use of recombinant DNA , 
technolog;y to manipulate . DNA sequences encoding the 
polypeptide chains of the antibody molecule. 

Early metj^ods for humanising MAbs related to production of 
chimeric .^ntibodies. in which an antigen binding site 
comprising, the complete variable domains of one antibody 
are fused to constant domains derived from a second 
antibody. ; Methods for carrying out such chimerisation 
procedure^ are described in EP0120694 (Celltech Limited); 
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EP0125023 (Gen ntech Inc.), BP-A-0171496 (Res. Dw. Corp. 
Japan), EP-A-0173494 (Stanford University), and 
EP-A-0194276 (Celltech Limited). The Celltech BP 0194276 
application discloses a process for preparing an antibody 
molecule having the variable domains from a mouse MAb and 
the constant dojnains from a human immunoglobulin. It 
also describes the production of an antibody molecule 
comprising the variable domains of a mouse MAb, the CHI 
and CL domains of a human immunoglobulin, and a 
non-immunoglobulin-derived protein in place of the Fc 
portion of the human immunoglobulin. 

Subsequently a number of further patent applications have 
been published relating to chimeric antibodies, including 
tumour specifj^ chimeric antibQdi«>« (e . g.„WO_8T/02671 , 
Int. Gen. Eng. Inc.; EP 0256654, Centocor; EP 0266663, 
Int. Gen. Eng. Inc. & Oncogen; WO 89/00999, Int. Gen. 
Eng. Inc. and EP 0332424, Hybriteoh Inc.). The Genentech 
{EP012S023) and Hybritech (BP0332424) patent application 
relate to anti-carcinoembryonic antigen (anti-CEA) 
chimeric antibodies. 

Such humanised chimeric antibodies, however, still contain 
a significant proportion of non-human amino acid sequence, 
i.e. the complete variable region domains. Thus such 
humanised antibodies may elicit some KAMA response, 
particularly if administered over a prolonged peri^ 
[Begent et al (ref. 2)]. 



In an alternative approach, described in EP-A-02394000 
(Winter), the complementarity determining regions (CDRs) 
of a mouse MAb have been grafted onto the framework 
regions of the variable domains of a human immunoglobulin 
by site directed mutagenesis using long oligonucleotides. 
Such CDR-grafted humanised antibodies are less likely to 
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give rls ./to. a EAMA. response than huinanlsed chimeric 
antibodies in view of the lower proportion of non-human 
amino acid sequence which they contain* There are 3 CDKs 
(CDRl, CDI12 and CDR3) in each of the heavy and light chain 
variable regions. 

The earliest work on CDR-graf ted humanised MAbs was 
carried but on MAbs recognising synthetic antigens , such 
as the NP or NIP antigens* However, recently examples in 
which a mouse MAb recogniising lysozyme and a rat MAb 
recogiilslng an antigen, on human T cells respectively were 
humanised have been described by Verhoeyen et al (3) and 
Rlechinann et al { 4 > * The preparation of the CDR-grafted 
antibody to the antigen on human T cells is also described 
i n W p 89/07452 (Medical Re searc h Council), More recently 
Queen et al (5) have described the preparation of a 
humanised ;CDR-graf ted antibody that binds to the 
interleukin. 2 receptor. 

It has been widely suggested that jLmmunoglobullns, and in 
particular MAbs, could potentially be very useful in the 
diagnosis and treatment of cancer (6, 7). There has 
therefore beeti much activity in trying to produce 
immunoglobulins or MAbs directed against tumour-specific 
antigens. : So far , over one hundred MAbs . directed against 
a variety of human carcinomas have been used in various 
aspects of tumoxir diagnosis or treatment (8). 

There have been a number of papers published concerning 
the. production . of chimeric monoclonal antibodies 
recognisiiig cell surface antigens. For instance^ Sahagan 
et al (9) disclose a genetically engineered murlne/human 
chlmerlq antibody which retains specificity for a ttunour- 
assocl^teci antigen. Also Nishimura. et al (10) disclose a 
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recombinant murine/hunian chimeric monoclonsa antibody 
specific for common acute lymphocytic leukemia antigen. 

We have now prepared humanised antibodies to 
carcinoembryonic antigen derived from the antl-CEA mouse 
MAb A5B7 (11) . 

Our copending International Patent Application PCT/GB 
90/02017 relates to the CDR-grafting of antibodies in 
general and describes, among other things, that antibodies 
having specificity for cancer markers such as CEA, e.g. 
the A5B7 monoclonal antibody, have been successfully 
CDR-grafted according to the procedure described therein. 

SDMMARY OF THE IMVBMTIOM . _ _ _ „ 

According to the present invention, there is provided a 
humanised antibody molecule (HAM) having specificity for 
carcinoembryonic antigen (CEA) and having an antigen 
binding site wherein at least one of the complementarity 
determining regions (CDRs) of the variable domain is 
derived from the mouse monoclonal antibody A5B7 (A5B7 MAb) 
and the remaining immunoglobulin-derived parts of the HAM 
are derived from a htunan immunoglobulin. 

GEMERAL DBSCRIPTIOH OF THE IHVBMTIOM 

The HAM may comprise a chimeric humanised antibody or a 
CDR-grafted humanised antibody. When the HAM comprises a 
CDR-grafted htimanised antibody, the heavy and/or light 
chain variable domains may comprise only one or two A5B7 
derived CDRs; though preferably all three heavy and light 
chain CDRs are derived from A5B7. 

The A5B7 MAb is a mouse MAb of the type IgGl-Kappa raised 
against purified CEA which had been denatured by heating 
to 850C for 35 minutes. The A5B7 MAb has been 
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extensively studied at Chairing Cross Hospital^ London UK 
{11} . studies have demonstrated that 

the A5B7 reacts with CEA producing tumours. Its 

distriLbutibn is within malignant glands in the cell 
cytpplasin, at the cell surface and in necrotic debris. 
However, it shows no significant cross-reactivity with a 
wide spectrum of normal human tissues. The molecular 
cloning and sequencing of the A5B7 heavy and light chain 
cDNAs is described hereinafter and the Vj, and Vg cDNA and 
predicted amino acid sequences are given in Figure 1. 

Surprisingly it has been found that humanising the A5B7 
MAbr in particular by CDR-grafting, does not substantially 
adversely affect its binding activity, and this produces a 
. _ m is eoctremely^^ therapy and 

diagnosis -of certain carcinomas. 

Preferably, the HAM of the present invention is produced 
by recombinant DNA technology • . 

The HAM of the present invention may comprise: a cou^lete 
antibody Htplecule, having full length heavy and light, 
chains; a fragment thereof, such as the Fab, Fab', 
(Fab') 2 or FV fragment; a single chain antibody fragment, 
e.g. a ? ingle chain FV; a light chain or heavy chain 
monomer qr dixaer; including fragments or analogues of any 
of these ;or any other molecule with the same specificity 
as the A5B7 antibody. 

The HAM o"^. the present invention may have attached to it 
an effector or reporter molecule. For instance, the HAM 
may have a macrrocycle for chelating a heavy metal atom, or 
a toxin such! as ricin, attached to it by a covalent 
bridging: struct^tire. Alternatively, the procedures of 
recombinant DNA technology may be used to produce a HAM in 
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which the Fc fragment, CH3 or CH4 domain of a complete 
antibody molecule has been replaced by or has attached 
thereto by peptide 'linkage a functional non-iamhinoglobulin 
protein, such as an enzyme or toxin molecule. 

The remaining non-A3B7, immunoglobulin derived parts of 
the HAM may be derived from any suitable human 
inmunoglobulin. For instance, when the HAM is a 
CDR-grafted HAM, appropriate variable region framework 
sequences may be used having regard to class/type of the 
A5B7 donor antibody from which the antigen binding regions 
are derived. Preferably, the type of human framework 
used is of the same/similar class/type as the donor 
antibody (ASB7 is IgGl Kappa) . Advantageously, the 
fra^^rk is ohq8en,.to.^«ucimise 

donor antibody sequence particularly at positions 
spaoially close or adjacent to the CDRs. Examples of 
human frameworks which may be used to construct 
CDR-grafted HAMs are LAY, POM, TUR, TBI, KOL, NEWM, REI 
and EU; for instance KOL and KEWM for the heavy chain and 
REI for the light chain and EU for both the heavy chain 
and the light chain. Preferably the LAY framework is 
used as the human framework for both heavy and light chain 
variable domains, in view of its high level of homology 
with A5B7. 

Also human constant region domains of the HAM may be 
selected having regard to the proposed function of the 
antibody, in particular the effector functions which may 
be required. For example, the constant region domains 
may be human IgA, IgE, igG or IgM domains. i„ particular, 
IgG human constant region domains may be used especially 
of the IgGl and IgG3 isotypes, when the HAM is intended 
for therapeutic purposes and antibody effector functions 
are required. Alternatively, IgG2 and Ig64 isotypes may 
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be used when' th MAM' Is Intended for purposes for which 
antibody eff ctor functions are not required e.g. for 
Imaging, diargnostic or cytotoxic targeting purposes* 

However, the remainder of the HAM need not comprise only 
protein sequences from human immunoglobulins. For 
instance r a gene may be constructed in which a DNA 
sequence encoding part of a human immunoglobulin chain is 
fused to a DHA sequence encoding the amino acid sequence 
of a polypeiptide effector or reporter molecule. 

Accordinig to a second aspect of the present invention ^ 
there is .provided a process for producing the HAM of the 
first aspect of the invention, which process comprises: 

(a) producing in an expression vector an operon having a 
i>NA ^sequence which encodes an antibody heavy or light 
chain comprising a variable domain wherein at least 
one of the CDRs of the variable domain is derived 
from this A5B7 MAb and the remaining immunoglobulin- 
derived parts of the antibody chain are derived from 
a hu^n immunoglobulin; 

(b) producing in an expression vector an operon having a 
DNA sec[uence which encodes a complementary antibody 
light or heavy chain comprising a variable domain 
wherein at least one of the CDRs .of the variable 
domain is derived from the A5B7 MAb and the remaining 

. immunoglobuliri-derived parts of the antibody chain 
cu:^ derived from a human immunoglobulin; 

(c) traii^sf ecting a host cell with the or each vector; 
and 
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(d) culturing t.he transfected cell line to produce the 
HAM. 

The cell line may be transfected with two vectors, the 
first vector containing an operon encoding a light 
chain-derived polypeptide and the second vector containing 
an operon encoding a heavy chain-derived polypeptide. 
Preferably, the vectors are identical except in so far as 
the coding sequences and selectable markers are concerned 
so as to ensure as far as possible that each polypeptide 
chain is equally expressed. 

Alternatively, a single vector may be used, the vector 
including the sequences encoding both light chain- and 
^e^^ c^auLn^eri^d pplype^ _ _ 

Thus in further aspects the invention also includes DNA 
sequences coding for the heavy and light chains, cloning 
and expression vectors containing the DNA sequences, host 
cells transformed with the DNA sequences and processes for 
producing the heavy and/or light chains and antibody 
molecules comprising expressing the DNA sequences in the 
transformed host cells. 

The general methods by which the vectors may be 
constructed, transfection methods and culture methods are 
well known per se. Such methods are shown, for instance, 
in references 12 and 13. 

The DNA sequences which encode the A5B7 amino acid 
sequence may be obtained by methods well known in the 
art. For example, the A5B7 coding sequences may be 
obtained by genomic cloning, or cDNA cloning from the A5B7 
hybridoma cell line. Positive clones may be screened 
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usdLng appirbpriate probes for the heavy and light chain 
genes in question. Also PGR cloning may be used. 

DNA coding for human immunoglobulin sequences may be 
obtained; in any appropriate way. For exeimple/ DNA 
sequences 'coding for preferred human acceptor frameworks 
such: as LAY^ :POM^. -KOL, REI, EU, TDK, TBI and NEWM, are 
widely available to workers in the art. 

The stahcjard techniques of molecular biology may be used 
to prepare DNA sequences coding for the CDR-grafted 
products. Desired DNA sequences may be synthesised 
completely or in part using oligonucleotide synthesis 
techniques. Site-directed mutagenesis and polymerase 
chain=re4^tion; .(.PC^ _ 
appropriate. For example, oligonucleotide directed 
synthesis as described by jones et al (14) may be used. 
Also oligphucleotide directed mutagenesis of a 
prer-exii^ting variable region as, for example, described by 
Verhoeyen et al (3) or Riechmann et al (4) may be used. 
Also enzymatic filling in of gapped oligonucleotides using 
Ta DNA polymerase as, for example, described by Queen et 
al (5) may be used. 

Any suitatble host cell/vector system may be used for 
expression of the DNA sequences coding for the chimeric 
CDR-graf ted heavy and light chains. Bacterial e.g. 
E. coli , and other microbial systems may be used, in 
particular for expression of antibody fragments, e.g. FV, . 
Fab and Fab' fragments, eind single chain antibody 
fragments e.g. single chain FVs. Eucaryotic e.g; 
mammalian, host cell expression systems may be used for 
production of larger CDR-graf ted antibody products, 
including- complete antibody molecules. Suitable 
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mannnalian host cells include CHO cells and myeloma or 
hybridoma cell lines. 

The present invention also includes therapeutic and 
diagnostic compositions containing the HAM of the 
invention and uses of such compositions in therapy and 
diagnosis . 

Such therapeutic and diagnostic compositions typically 
comprise a HAM according to the invention in combination 
with a pharmaceutically acceptable excipient diluent or 
carrier, e.g. for in vivo use. Therapeutic and 
diagnostic uses typically coi^rise administering an 
effective amount of a HAM according to the invention to a 
human .subject. _ _ _ ^ _ _ _ 

In the HAM of the first aspect of the invention and the 
process of the second aspect of the invention the heavy 
and light chain variable domains of the HAM may comprise 
either the entire variable domains of the A5B7 MAb or may 
comprise framework regions of a human variable domain 
having grafted thereon one^ some or all of the CDRs of the 
A5B7 MAb. Thus the HAM may comprise a chimeric humanised 
antibody or a CDR-grafted humanised antibody. 

When the HAM is a CDR-grafted humanised antibody, in 
addition to the CDRs, specific variable region framework 
residues may correspond to non-human, i.e. the A5B7 mouse, 
residues. Preferably the CDR-grafted humanised 
antibodies of the present invention include CDR-grafted 
humanised antibodies as defined in our co-pending patent 
application. International Patent Application PCT/SB 
90/02017. The disclosure of PCT/GB 90/02017 is 
incorporated herein by reference. 
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Preferably the CPRs f the light chain correspond to the 
Rabat CDRB .at CDRl (positions 24-*34) and CDH2 (positi ns 
50-56) aiii^ to the structtiral loop residues (positions 
91-9.6) or-Kabat CDR residues (positions 89-97) in CDR3. 
In addition the light chain may have mouse residues at one 
or more b^e positions 1, 2 and/or 3^ 46, 47,. 49/ 60, 10^ 
84, 85 and 87 and preferably has mouse residues at at 
least positions 46 and 47. 

In additipn to the CDRs/. the EMA heavy chain preferably 
has mouse residues at positions 23 and/or 24 and 71 and/or 
73. Additionally, the heavy chain may have mouse 
residues at one, some or all of positions 48 and/or 49, 
69, 76 and/or 78, 80, 88 and/or 91 and 6, Preferably 
also,^the CDRsllof, th.e_heayy j=hy.n_correspond to the Kaba± 
CDR at CpR2 (positions 50-65), the structural loop 
residues at CDR3 (positions 95-100) and a composite of 
both the Rabat and structural loop residues at CDRl 
(positions 24-35); for example, when the human variable 
region framework used is ROL. Alternatively, the CDRs of 
the heavy chain: may comprise mouse residues at positions 
26 to 35 for CDRl, ..positions 50 to 65 for CDR2 and 
positions 94 to 100 for CDR3; for* example, when the human 
variable Region framework used in EU. In addition EU has 
a particuiarly idiosyncratic J region between residues 103 
to 113 and it may be useful to include the murine amino 
acids,- or a consensus human J region or a suitable 
combination of both at residues 103 to 108 inclusive. 

In a particularly preferred embodiment IiAY human variable 
region frameworks are used for both the CDR-grafted heavy 
and light; • qhains . In which case the light chain 
preferably comprises mouse A5B7 residues at positions 1, 
2, 3, 4, .4 6. and 71, and especially also at positions 21, 
47 and 73, of the variable region frameworks. Similarly, 
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the heavy chain preferably comprises mouse A5B7 residues 
at positions Ir 24, 48, 49, 72, 73, 76 and 93, and 
especially also at positions 82b and 86, of the variable 
region frameworks. Also when the LAY human variable 
region frameworks are used, the variable regions 
preferably comprises A5B7 mouse CDRs at residues 24 to 34 
(CDRl) 50 to 56 (CDR2) and 89 to 97 (CDR3) for the light 
chain and at residues 26 to 35 (CDRl), 50 to 65 (CDR3) and 
95 to 102 (CDR3) for the heavy chain. 

The residue designations given above and elsewhere in the 
present application are numbered according to the Rabat 
numbering { 15 ) • 

BRIEF DESCRIPTIOM OF THB DRAWniGS _ _ _ _ 

The present invention is now described, by way of 
illustration only, in the following examples which refer 
to the accompanying diagrams Figures 1 - 16, in which 

Figure 1 shows the DMA sequences encoding the 

unprocessed variable regions of the A5B7 MAb 
obtained by sequencing cDNA clones together 
with the predicted amino acid sequence; 

Figure 2 is a schematic diagram of the construction by 
restriction and ligation of the chimeric heavy 
chain gene; 

Figure 3 is a schematic diagram of the construction by 
site-directed mutagenesis, restriction and 
ligation of the chimeric light chain gene; 

Figure 4 shows an ELISA analysis of COS-cell 

transfectant supernatants . The level of 
antigen-binding capacity in the supernatant of 
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, . was analysed as 

desctibed later. Dilution curves were 
:plott^d out against the optical density of the 
colour change; 

Figure 5 shows plasmid diagrams for plasmids pBG7, 
pBGll, pBG14/ pHMC19, pHMC20 and pHMC21; 

Figure 6 shows plasmid diagrams for plasmids pHMC29, 
pHMC3d and pHMC31; 

Figure 7 . .; . shows a SDS-PAGE gel of chimeric FAb' and 

chimeric DFM products under both reducing and 
non-rieducing conditions; 

Figure 8 ' shows the DNA eind protein sequences for the 

V A5B 7 grafted light chain ^ gIi-1 variable region; 

Figure 9 . shows similar sequences for the A5B7 grafted 
light chain gL^2, variable region; 

Figure 10 shows similar sequences for the A5B7 grafted 
heavy chain gHl, variable region; 

Figure 11.' shows .similar sequences for the A5B7 grafted 
heavy chain gH2, variable region. 

Figure 12 shows plasmid diagrams for plasmids pMRROlO, 
.pMRR014, pAL43, pAL44, PAL45 and pAL46; 



Figure 13. is graphs showing the results of direct CEA 

binding ELISAs on supernatants from transient 
, : expre^ of chimeric/grafted hybrids and a 

chimeric/chimeric standard; 
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Figure 15 



Figure 16 



Figure 17 



Figure 18 



Figure 19 
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shows similar graphs for grafted/grafted 
transfections as well as the chimeric/chimeric 
standard; 

shows plasmid diagrams o£ plasmids pHRR020, 
pAL45, pAL46^ pAL49 and pALSO indicating the 
derivation of the latter two plasmids; 

shows plasmid diagrams of various plasmids 
indicating the derivation of plasmids pHMC43^ 
PHMC44, pAL53 and pAL54; 

shows plasmid diagrams for pACtac, pMMR28 and 
pMElR4 5 ; 

shows graphs of CEA binding ELISAs on E « coli 
supematants containing A5B7 chimeric Fab', and 

shows similar graphs for A5B7 grafted Fab'. 
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DETAtT.ED DESCiRIgTION OF SPBCIFIC 
. EMBODIMENTS OF THE INVEHTION 

Eynmple . 1 ' 

Molecuiaig cloniiiq and sequencing of the A5B7 heavy and 
light: chain . cDNAs 

Polyadenylated RNA was isolated from the A5B7 hybridoma 
ceil line usdLng the guanidinium isothiocyanate/lithium 
chloride method (12 ) . Double strainded cDNA was 
synthesised ( 16 ) and a cDNA library was constructed in 
plasmid pSF64 (17) vector using EcoRI linkers. Two 
screen incT probes were synthesised, complementary to mouse 
immunoglobulin heavy and light chain constant regions. 
The— heavy chain=probe^was a =19 mer=cbmplementary_to _ 
residues-; 115^133 in the CHI domain of the mouse y 1 
sequence;; (18 )> The light chain probe was a 20 mer 
complemeritaLry to residues 4658-4677 of the genomic mouse 
CK sequence (19)* The probes were radio-labelled at the 
5' termimis with [y ®^PJ ATP using T4 polynucleotide 
kinase (fiinersham International) and used to screen the 
cDNA liJDrary. 

Clones which contained the complete leader^ variable and 
constant regions of both the heavy and light chains were 
isolated and designated as pBGl and pBG2. Nucleotide 
sequence analysis was carried out according to the chain 
termination procedure (20). 

The 950 base pair EcoRI insert in pBGl was fully 
sequehced. The EcoRI insert in pBG2 was shown to 
comprise approxjLmateiy 1700 base pairs by agarose gel 
electrophoresis* The variable domain and the 5' region 
of the CHI domain were sequenced, as was the 3' end of the 
clone to. confirm the presence of the correct mouse y 1 
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termination sequeric 6. The DNA and predicted amino acid 
s guences for the unprocessed variable regions of pBGl and 
pBG2 are shown in Figure 1. 

With reference to Figure 1. Panel A shows the sequence 
coding for the region and the predicted amino acid 
sequence. Panel B shows the sequence coding for the 
region together with the predicted amino acid sequence. 
The putative sites of cleavage of the signal peptide are 
indicated by arrows. Examination of the derived amino 
acid sequence revealed considerable homology with other 
characterised immunoglobulin genes ^ and enabled the extent 
of the leader, variable and constant domains to be 
accurately determined. In addition MAb A5B7 was confirmed 
to be an IgGlK antibody.. 
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Preparation and Testincy of Chimeric Antibody Productzs 

A. Const^ction of Chimeric Mouse^HuTnan Heavy Chain Genes 
The constiruction of vectors containing the human constant 
region isotype series , pRBlS ( IgGl ) ^ pRB26 ( IgG2 ) , pRB20 
(Ig<33) ai]^ pRB21 (rgG4) is described in published 
International Patent Application WO 89/01783. The A5B7 

DNA s^^ence was isolated as a EcoRI-BanI fragment and 
was lig^lygd to the followiiig linking oligonucleotide to 
give an -^oRi^Hindlll Vg fragment (Figure 2) • 

R112a '-^h' GCACCACTCTCACCGTGAGGTC 
- Rli2 1 ; =^ >~ 7 GTGAGAGTGGGACTCGAGTCGA5 

This fragment was ligated to the human Hindlll-BamHX 
containing fragments of the IgGl, 2, 3 & 4 genes cloned in 
pATi53 to give pBC53, 4> 5 & 6. , 

The . chdLmeric heavy chain genes were isolated as EcoRI-BamHX 
fragments from the pAT IgG plasmids and cloned into p£E6 
vector (21) drnt with EcoRI & Bell,- to give plasmids pBG 
7,8,9 & lO. The pEE6 plasmid contains the strong 
promoter/enhancer and transcriptional control element from 
the human cytomegalovirus immediate early gene (hCMV-IE) 
inserted into a unique Hindlll site upstream of the EcoRI 
site and is described in detail in published International 
Patent Application WO 89/01036 • In addition, an SV40 
origin dfj-^ replication is provided by the SV40 early 
promoter . fragment which drives as selectable marker gene, 
a guanine.^ phosphoribosyl transferase gene (gpt) inseri:ed 
into a. unique. BamHI site,. . The plasmid also conta±ns an 
ampiciliin-resistance gene allowing selection and 
propagation in bacterial hosts. 
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B. Conatrnction of -the Chim ric Mouae^Human Light 
Chain Gene 

A HindlZI restriction enzyme sire was introduced into the 
mouse light chain cDNA clone ^ pBGl by site-directed 
mutagenesis (23) using the following oligonucleotide 

5' TTTGATTTCAAGCTTGGTGC 3' 

Introduction of the Hindlll site was verified by DNA 
sequencing* The A5B7 Vjj sequence was isolated as an 
EcoRI/Hindlll fragment. It was combined with a 
Hindlll/EcoRI fragment coxqprising the human Ck constant 
region and ligated into the unique EcoRI site of p££6, 
(Figure 3). The resulting plasmid pEMC19 also contained 
the=neomycin-resistant gene (neo)_ under _the control^of _the 
SV40 early promoter. 

C. Trans feet ions and ELISA Analysis of Antibody Production 
The four chimeric heavy chain expression constructs 
described above were trans fee ted together with chimeric 
light chain into COS-1 cells (24) for transient ey-iression 
of chimeric products. The cells were left to in'r-ibate in 
DNA-DEAE dextran solution for six hours, then shocked for 
two minutes with 10% DMSO in HEPES-buf fered saline. The 
cells were washed and incubated in medium containing 10% 
foetal calf serum for 72 hours. 

Following incubation at 37°C for 72 hours the cell 
supernatants were analysed by ELISA for heavy and light 
chain production and binding of antigen . 

The medium (500 ;il per 10® cells) was removed for ELISA 
analysis. 
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To quantify assembled antibody production Microtitre 
plates were coated with 0,25 /ig per well of sheep antibody 
rea;ctive agiinst human specific epitopes on the heavy or 
light chains. Supernatant s or lysates from transfected 
COS cells: were, diluted 1:2 or 1:4 respectively in sample 
conjugate buffer contcd.ndLng 0. IM Tris-HCl pH 7,0, 
O.IM sodium chloride, 0.02% Tween 20 and 0»2% casein. 
lOG /il Of each diluted sample were added to each well and 
incubated; for 1 hour at room temperature with gentle 
agitatibjl. Following washing six times with wash buffer 
(phosphate buffered saline containing 0.2% Tween 20, pH 
7.2), 100 A*l of 1:5000 dilution of standard horseradish 
peroxidase - conjugated antibody reactive against human 
specif ic ^epitopes were added per well. The plates were 
incubated -f or -1 hour at- room temperature, and then=washed 
six times with wash buffer. 100 /xl of sxxbstrate buffer 
containing 6 . 1 mg/ml tetramethylbenzidine (TMB), O.IM 
sodium citrate, pE 6.0 and 0.005% E2O2 were added to each 
well to generate a colour change. The reaction was 
terminated after 2-3 minutes by adjusting the solution to 
pH 1.0 with ImSJA sulphuric acid. The optical density was 
determined at 45pnm for each well by measurement in a 
Dynatech 3,ab<Dratories MR600 microplate reader. Standard 
curves were generated using known concentrations of the 
appropriate, human immunoglobulins. 

Antigen binding assays were performed, in an analogous 
manner. Microtitre plates were coated with 0.25 /ig per 
well of purified CEA. Following washing six times in 
wash buffer, samples from COS-cell transfections were 
added as previously, and the same subsequent procedures 
carried out, using goat anti -mouse or -human F(ab')2 
linked to HKE> as . the second antibody.. 
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Assembly assays, which detect the presence of associated 
polypeptide chains, demonstrated the formation of 
multimers containing at least one heavy and one light, 
chain when both genes were co-transf ected. Antigen 
binding analysis (see above) demonstrated that the 
chimeric heavy and chimeric light chain co-trans feet ions 
generated an antibody molecule capable of recognising 
antigen. The antigen binding ELISA data from one 
experiment are presented in Figure 4. These experiments 
demonstrate that chimerisation of the antibody molecule 
does not have a significant effect on its antigen 
recognition capability. 

°' Innnunopre cipitation of Antibody Molecules from 
Biosvntheticallv^I.a bel-led-COS-Cell-Transfectants - 
Following transf ection, COS cells were allowed to recover 
for 24 hours in DMEM_ containing 10% foetal calf serum. 
The medium was then replaced with methionine-free DMEM, to 
which ["S] methionine (MEN) had been added at 100 /iCi/ml. 
The cells were metabolically labelled for 48hours. 
Analysis of the assembly and secretion of emtibody 
molecules was performed by' immunoprecipitation using anti- 
human F(ab')2 bound to Protein A-sepharose. Affinity- 
purified rabbit antibodies against human igG F(ab')2 were 
used for immunoprecipitations , following coupling to 
Protein A - Sepharose. Secreted antibodies were analysed 
on a SDS-10% PAGE system under reducing and non-reducing 
conditions. The gel was treated with an autoradiography 
enhancer, dried and exposed to Fuji RX film. 

The antiserum immunoprecipitated proteins with an apparent 
molecular weight of 55K and 28K, corresponding to the 
heavy and light immunoglobulin chains respectively. A 
comparison of immunoprecipitations analysed by reducing 
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and nonT^reducing SDS-PAGE indicated that the heavy and 
light chainis were assembled as the correct tetrameric 
molecule* « 



* 
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Kxamnle 3 

Preparation and Comparison of Chimeric Whole Antibody and 
Fab^ Products 

Stable cell lines expressing chimeric whole antibody and 
Fab' products were established and chimeric whole 
antibody. Fab', F(ab')2, and synthetically cross-linked 
DFM (Di Fab' Maleimide) products were prepared and tested. 

First of all, however, it was necessary to construct a DNA 
sequence coding for the chimeric Fab' and vectors for 
expression of this sequence. 

Construction of Chimeric Mouse /Human Heavy Chain Gene 
and Vectors for Fab'-Expression r — = - - 

The plasmid containing the A5B7 chimeric heavy chain, 
IgG4, (pBGlO) was restricted with BstEll and Bglll. The 
larger vector fragment conteu-ning the hCMV promoter and 
A5B7 Vh plus the 5' part of CHI domain was isolated. The 
plasmid pJAllS (described in International Patent 
Application WO 89/01974) was restricted with BstEll and 
Bglll. A fragment containing the 3' end of CHI plus the 
IgG4 hinge containing a cys to ala* change was isolated and 
ligated into the pBGlO vector. 

The resulting vector, pBG14, contains the A5B7 Fd' heavy 
chain IgG4 (cys to ala) . 

The Assay procedures used in this and subsquent Exan^les 
were as follows: 

Assembly ELISAs 

The ELISA for measuring yields of whole antibodies used 
microwell plates coated with goat F(ab')2 IgG Fc. 
Humanised IgG bound following incubation with culture 
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supernat:aiit. isainples was revealed with horseradish 
peroxidaise. (HRP) conjugated murine anti-human kappa chain 
antibody* ...Concentrations of chimeric or CDR-grafted 
whole ahtibody in samples were interpolated from a 
calibration curye generated from serial dilutions of 
purified chimeric, A5B7 IgGI. 

The EIiISA\.f of measuring yields of Fab's used microwell 
plates coated with murine anti-^human IgG Fd, Following 
incttba;tion with samples bound humanised Fab' was revealed 
as in the whole antibody assembly ELISA. Concentrations 
of chimeric or CDR-grafted A5B7 Fab' in samples were 
interpolated from a calibration curve generated from 
serial dilutions of purified chimeric A5B7 Fab'. 

CEA Binding Assays 

The direct CEA . binding ELI S A used microwell plates coated 
with CEA. . Following incubation with serial, dilutions of 
culture st^pernatant sauries bound IgG or fragments was 
revealed as for the assembly ELISA. Binding versus 
dilution curves were normalised against antibody 
concentration as determined by the assembly assays. 

The competition RiA for anti-CEA activity involved 
competition of a series of ^^^I-labelled murine or 
chimeric A5B7 IgGI with humanised IgG or fragments thereof 
from cultiii^e supernatant samples for binding to CEA coated 
beads. Binding activity was determined by measuring bead 
associated radioactivity. . The assay was calibrated by 
competition with standard preparations of chdLmeric or 
murine A5B7 IgGI and plotting % bound cpm versus antibody 
concentration. Interpolated apparent A5B7 concentration 
of unlcnpwns was normalised by dividing by the assembly 
assay result tp give a specific activity. Finally 
specific activity was expressed as % relative potency by 
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comparison to that obtained from a positive control 
chimeric A5B7 culture supernatant pr duced during the same 
experiment. 

The relative potency of purified murine and chimeric A5B7 
Fab' and F(ab')a fragments and murine igG was investigated 
using the competition RIA. In addition, the direct 
binding ELISA was run in competition mode, by coincubation 
of the test specimen with murine A5B7 IgGl, for 
confirmation of relative potency. 

Chimeric A5B7 Fab' was purified by ion-exchange 
chromatography on DEAE-sepharose followed by hydrophobic 
interaction chromatography on octyl-sepharose. 

Cross-Unking was carried out.by ^the..standard one ,pot 

procedure using 1,6-bismaleimidohexane as cross-linker, 
with a 2.2 fold excess of Pab' to cross-linker at 
0.9mg/ml. Due to the small scale of the experiment 
purification was carried out by HPLC gel filtration 
{GF-250XL). This yielded an A5B7 chimeric DFM (Di Fab' 
maleimide} product. 

^' Development of CHO Cel l Lines expressing Chimeric A5B7 
IgGl and Chimeric rqG4 Fab' delta cys 
TWO types of CHO cell line, amplifiable and 
non-amplifiable, were developed expressing chimeric A5B7 
IgGl whole antibody and chimeric A5B7 IgG4 FAb' delta cys. 
The chimeric A5B7 IgGl whole antibody was used as a 
standard for assay development and for comparison of 
chimeric and grafted in biodistribution and therapy 
studies in tumour-bearing mice. 

Non-amplifiable cell lines 

Non-amplifiable cell lines for chimeric whole antibody and 
Fab' were first constructed. Although such cell lines 
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axe relatively lov. yielding, th y are more readily and 
• rapidly prepared and were used for rapid generation of 
material for development of procedures for purification 
and for assays* pHMC19 (see Example 2) is a plasmid 
containing the . chimeric A5B7 light chain 3' to the hCMV 
promoter. This plasmid was transfected into CHO-Kl cells 
with selecti^ion f or neomycin resistance and spot assays 
performed, on 30 transf ectants with anti-human kappa 
antibody to identify the best producing clones. Assays 
with the same stntibody. on representative cell lines 
identified a stable cell line, designated HCN1.37, 
secreting\the chimeric A5B7 light chain with a specific 
production rsLte of 1-2/ig/ml/ip^ cells. The cell line was 
retranisf ected with plasmids pfiG7 and pBG14, as described 
previoiisly 7^ these=^plasmids carry ing=^th€i heavy chain genes 
for chimeric A5B7 XgGl and chimeric XgG4 Fab' delta cys 
respectively, in the p£Ei5hCM\r gpt vector (see Figure 5) . 
Cell lines yielding approximately 16mg/l chimeric XgGl 
(designated HCNl. 37 /gl.l and gl.7) cind approximately 5mg/l 
chimeric Fab' (designated HCN1.37/delta cys3) after 
purification were identified among these retransf ectants 
by assembly and direct CEA binding assays. These cell 
lines were used to mcdce test quantities of chimeric whole 
antibody and Fab' . 

Amplif iable Cell Lines 

Cell, lines capable of amplification by the GS vector 
system ailci intended, to give yields of chimeric A5B7 Yah^ 
delta cys.;suitable for eventual manufacture were then 
constructed • . . The Clal-EcoRl fragment of pBGll carrying 
the hCMV promoter and the chimeric A5B7 light chain gene 
was first, clbned between the Clal and EcoRl sites of pEE12 
(22) to give plasmid pHMC20 (see Figilre 5). Plasmid 
pHMe30 !( see Figure 6) carrying the genes for both the 
chimeric .light; chain ajid chimeric IgG4 Fab' delta cys 
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heavy chain was constructed by ligating the large 
Nael-Fspl fragment of pHMC20 (carrying the light chain 
gene) to the EcoRV-Fspl fragment of pHMC28^ a derivative 
of pBG14 in which the gpt gene has been removed from the 
BamHI site. pHMC30 is a double gene plasmid suitable for 
development of an ampiifiable cell line^ using the mouse 
myeloma cell line NSO as host cell line, expressing 
chimeric A5B7 Fab' since it contains the GS cDNA for 
selection of transf ectants. Selection and amplification 
of transfectants in CHO cells requires expression of the 
GS minigene rather than the cDKA* A double gene plasmid 
suitable for development of an ampiifiable CHO cell line 
was constructed by ligating the Mlul-Fspl fragment of 
PHMC30, carrying both the chimeric light and heavy chain 
expression uno^s, with the_GS minigene containing fragment 
of pEE14 (25). The resulting plasmid, designated pHMC31 
(see Figure 6), was transf ected into CHO-Kl cells with 
selection on 25/iM MSX. Specific production rates were 
determined on these transfectants, and seven chosen for 
an^lification. The specific production rates for these 
seven transf ectcmts before amplification were as follows 
(in units of pg/10* cells/24hrs) : HC3.36, 1.3; HC3.21, 
0.65; HC3.33, 0.65; HC5.19, 0.14; HC5.24, 3.4; HC5-33, 
3.7; HC5.39, 0.35. Selection for cells potentially with 
high copy number of the inserted plasmid sequences was 
achieved by increasing the MSX concentration to between 
100 and 1000 fM, screening for surviving cell lines and 
measuring specific production rates. Specific copy 
number estimates were not done. 

C. Purification of Chimeric A5B7 IgGl 
Chimeric IgGl was purified by a modification of the 
procedure described for B72.3 by Colcher et al (26). CHO 
cell supematants were concentrated by spiral cartridge 
ultrafiltration, then purified by affinity chromatography 
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on proteiii A Sepharose^ with elution at pH3. Reducing 
and nbn-^ reducing SDS-PAGE showed the purified antibody to 
be fully lasseibledr with a purity of > 95%. 

D. Purification and Cross-linking of Chimeric A5B7 Fab^ 
Chiiiieric a5B7 Fab' was purified by ion-exchange 
chromotbgraphy on DEAE-Sepharose following by hydrophobic 
interaction chromotpgraphy on octyl-Sepharose. CHO cell 
culture, supemataiit containing A5B7 Fab' was concentrated 
ten . fold by ultrafiltration and diluted to the original 
voltuiie with lOmM tris pH 7,5 to reduce the conductivity to 
< 4 mS. This material was then applied to a column of 
DEAE-Sepharose fast flow pre-eguilibrated with lOmM tris 
pH 7.5, and the flow through which contains the Fab' 
cbllectedr :The f low^through-from the DEAE-Sepharose. — 
column was then concentrated by ultrafiltration and made 
2M in ammonimn sulphate. Any precipitate was removed by 
centrif ligation and the sample then applied to a column of 
octyl-Sepharose pre-equilibrated with lOmH tris pH 7»5 
contaiziizig 2M eumnonium sulphate • The Fab ' bound to the 
column cind was washed with equilibration buffer and eluted 
by decreasing the ammonium. sulphate concentration to 1M# 
The elute was then dieilysed into lOOmM sodium 
acetate/citrate pH6. and concentrated by ultrafiltration. 

The purified Fab' was cross -linked by firstly generating a 
free thiol at the hinge followed by cross-linking with 1,6 
bismaieiinidohexane.. Partial reduction to generate a free 
thiol was -achieved by incubation of the Fab' with 4.5inM 
^-mercaptpethylamine for 30 minutes at 37*^C. The 
reducing agent was then removed by desalting on a column 
of Sephadex G-25! and the reduced Fab' immediately cross- 
linked bjr • incubation with 1 , 6-bismaleimidohexane at a 
molar ratio of 1:2.2 bismalei mi dohexane : Fab ' with a Fab' 
concentration pf 0.9 mg/ml. After overnight incubation 
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at 370c the cross-linked material was purified by HPLC gel 
filtration using a DuPont Zorbax GF-250XL column in 0.2M 
phosphate pH 7.0. • The cross-linking yield was 
approximately 58%. 

The purified Fab' and cross-linked di-Pab (DFM) were 
analysed by SDS-PAGE under both reducing and non-reducing 
conditions (Figure 7). The purified Fab' ran as expected 
with a molecular weight of approximately 50 KDa under 
non-reducing conditions which reduced to Fd' and light 
chains at 25KDa. The purified cross-linked di-Fab 
revealed the expected molecixlar weight for the non-reduced 
dimer of 100 KDa which reduced to cross-linked Fd' at 
approximately 50 KDa and light chain at approximately 25 
|g)a. _ 

2* Antigen Binding Activity of Chimeric A5B7 IgGl, Fab^ 
and DFM 

The relative potencies of murine and chimeric IgGs and 
fragments were measured by the competition RIA. The 
results are given in Table 1. All the bivalent species - 
including the chimeric DFM - gave potency equivalent to 
that of murine A5B7 IgG. The murine Fab' rendered 
monovalent by alkylation, showed a tenfold reduced 
potency, as would be predicted by avidity 
considerations. The monovalent chimeric Fab', however, 
displayed an intermediate potency. Measurements of 
binding activity on the same samples using the direct 
binding ELISA in competition mode gave very similar 
results, with the chdLmeric Fab' again showing an 
intermediate potency. Since the chimeric Fab' was not 
alkylated its increased binding activity compared to the 
murine Fab' is likely to be due to some degree of antigen 
induced dimerisation. 
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Table 1 



Relative potencies of various A5B7 cQn3t:ruct5 by 
campetition RIA 



Construct % Relative Potency 

Chlnieric IgG 100 

Muirine . IgG_ 93 + 23 

Chimieric DFM 104 + 28 

Mtitine. F(ab)a_ 97 + 22 

Chimeric Fab' 20 + 15 

Murine Fedi> ' 8+5 
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Example 4 



Humanised, CDR-grafted versions of A5B7 were also prepared. 

Construction and Evp r^ ssion of CDP- qrafted A^m r^r.^^ 
Fxgure 1 shows the DKA and amino acid sequences of the Vt. 
and Vh domains for A5B7. CDR-grafted Vh and Vj. domains 
were designed substantially as described in International 
Patent Application No. PCT/GB 90/02017. The amino acid 
sequence of ASB7 Vg shows considerable homology to the 
consensus sequence of the human Vg III subgroup, as 
defined by Kabat et^, (15,, while the sequence shows 
considerable homology to those of the human :o'Il and lu 
subgroups. The human framework sequences available 
^wxthin these subgroups=are:=-iAy(VH:Vi;)7 POMCVh:Vl) , koL 
(Vh):REI(Vl), KOL(Vh): EU(Vl) , TUR(Vh) : RBI(Vi,) , 
OTR(Vh):Eu(Vl), TEI(Vh)!REI(Vl), TEI(Vh):EO(Vl). 
Of these LAY was chosen as the human framework because it 
has the highest homology to A5B7 and also the potential 
advantage of matched Vh and Vj, chains. CDR sequences and 
other residues potentially important for antigen binding 
were identified as described in International Patent 
Application No. PCT/GB 90/02017, and for each V region two 
constructs were assembled. The first constructs, gLl and 
gHl, contain murine sequences in the CDRs and at other 
positions predicted to be important for antigen binding 
and at which human and A5B7 sequences, differ. The gLl 
light chain has murine CDRs at residues 24-34 (CDRl) 
50-56 (CDR2) and 89-97 (CDR3) and additional murine ' 
residues within the frameworks at residues 1, 2, 3, 4, 46 
and 71. The gHl heavy chain has murine CDRs at residues 
26-35 (CDRl), 50-65 (CDR2) and 95-102 (CDR3) and 
additional murine residues within the frameworks at 
residues 1, 48, 49, 72, 73, 76 and 93. 
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The second constructs, gL2 and gH2, axe more conservativ , 
containing the murine sequences present in the first 
constTOcts together with three extra murine residues for 
Vx, and two for Vg. For gL2 these residues (positions 21 r 
47 and 73 .ph the Kabat numbering system) are potentially 
involved , in packing of the domain. For gH2 the extra 
murine residues are at positions (821> and 86) where IiAY 
has amino \^cids which are unusual for. human Vh sequences 
and where A5B7 has residues of more common occurrence in 
human Vgs. 

Figures 8, 9,. 10 and 11 show the DNA and amino acid 
ssqu^snces of gLl f gli2 - gHl and .gH2 respectively. In 
these Figures single letter underlining in the amino acid 
sequences indicate a^residue in the- framework region which 
has been.changefd to the corresponding murine residue. 
Also in these Figiires solid single line underlining of the 
amino acid sequences indicates the CDR residues. These 
DHA seque^Lces were assembled from oligonucleotides 
(indicated by . double line underlining in the respective 
Figure) by the PGR overlap-assembly procedure, using a 
Polymerase' Chain Reaction (PGR) procedure, using 
oligonucleotides of approxiinately 80 bases alternating on 
the sense and anti-sense strands. The oligonucleotides 
overlapped by 20 bases, such that annealing led to the 
formation of partially double stranded molecules. The 
gaps were"if ille^d in . by Tag polymerase and the double 
stranded material amplified, by PGR using short 
oligonucleotides corresponding to the secjuence of the 5' 
end of each strand as air^lif iers . The amplified 
fragments were digested with appropriate restriction 
enzsrmes to . expose the restriction sites for cloning. 

An^lified ..fragments of the appropriate size were digested 
with- Hihdlll and Apal for Vg, and BstBl and Spll for Vj, to 



wo 92/01059 



PCT/GB91/01I08 



- 33 - 

expose the cloning sites. The fragments were cloned 
into the expression vector pMRR014 and the fragments 
into pMRROlO. pMRROlO and pMRE014 are hCMV expression 
vectors designed to accept humanised V regions so as to be 
readily expressed transiently in CHO or COS cells and then 
readily to be reconstructed to give a single vector 
capable of stable expression and gene an5)lif ication in NSO 
cells. This gave plasmids pAL43 (for gLl), pAL44 (gL2)^ 
pAL45 (gHl) and pAL46 (gH2) as shown in Figure 12. These 
plasmids contain the full length CDR-grafted antibody 
genes (IgGl for heavy chain, kappa for light chain) in a 
configuration suitable for expression in CHO cells. 
Clones containing the correct sequence were identified by 
DNA sequencing. 

In order to assess the CEA binding activity of the grafted 
chains co-expression, experiments in a transient CHO cell 
system were first performed with chimeric partners. Thus 
pAL43 and pAL44 were co-transf ected into the CHO L761 h 
cell line (27) together with the chimeric A5B7 heavy chain 
expression plasmid pBG7, while pAL45 and pAL46 were 
co-transf ected with the light chain expression plasmid 
pBGll. Co-transfections of pBG7 and pHMC19 were also 
performed to provide a chimeric/chimeric standetrd against 
which to compare activity of the chimeric/grafted 
hybrids. Figure 13 shows the results of direct CEA 
binding ELISAs on the crude supernatants resulting from 
these transfections, and indicates that all the 
grafted/chimeric hybrids show binding activity similar to 
that of the chimeric /chimeric standard. Considerable 
variation was observed between the various hybrids in the 
yields of antibody. This variation was also very 
apparent when grafted/grafted co-transfections were 
performed. Indeed, the yields observed for gLl/gHl and 
gL2/gHl were too low to permit reliable estimates of CEA 
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.binc^n^ . activity • . . Both the gLl/gH2 and gI*2/gH2 
combihatipns , however^ . bound CEA at approximately 60% as 
well as the double chimeric antibody in the direct binding 
assay ( se^e Figure 14 ) • Competition RIAs were also 
performed on the crude CHO cell supematants for gLl/gH2 
and gL2/gH2. The results^ shown in Table 2, show that 
theise gr^^ted varicints displayed approxdLmately 42% and 47% 
respectiyeiy of the potency of the chimeric in these more 
stringent assays |. with gL2/gH2 showing slightly greater 
potency .than gLl/gH2. 
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Table 2 

Estimates of Anti -CEA Activity in Transfected CHO Cell 
Sapernatants for G rafted Variants of A5B7 by Competition 
RIA 



Undiluted 



=Specific 
activity 



relative 
potency 



Construct 



Chimeric A5B7 1.17 

Grafted A5B7 0,49 
gLl/gH2 

Grafted A5B7 0,55 
gL2/gH2 



100±6 
. 42±4 

47±3 
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Kxample 5 

sijiLLlarly . "CpR-grattisd A5B7 Fab^ genes were constructed and 
expressed.; 

A. Construction of CDR-crrafted A5B7 Fab^ Genes 

pMRR020 is a pEE6 gpt expression plasmid with restriction 
siteW such that coding sequences of the human IgG4 CHI and 
delta cys (i.e. single cysteine variant) hinge domains 
(see Figure 15) . A fragment containing these two domains 
was isolated by performing a PGR reaction on pMRR020 using 
oligonucleotide R1053 as the forward primer and R2371 as 
the back -primer as shown below. 

R1053 5' ::dTCGACAGAeTAAGAGACT^ 3^ - — 

R2 3 7 1 5 ' ; ATGATCAATGAATTCATCATGGGGCTGAT6GGCACGGGGGACCATATTT 
GGACTC 3' . 

Use of the latter primer results also in the removal of 
the inconvenient Apal site in the hinge coding region.. 
The PGR reaction produced a fragment of 320bpr which was 
cloned into pAL45 and pAL46 to giv6 pAIi49 and pAL50 
respectively. (Figure 15) caxrying the full length 
CDR-graf ted Fd delta cys genes . The CHI and hinge 
domains and. the cloning junction regions were sequenced to 
confirm the absence of secondary mutations . 

B. Deveiopment of CHO Cell Lines Expressing CDR-grafted 
A5B7 IqGl Whole Antibody and CDR-grafted A5B7 IqG4 Fab^ 
delta cys genes 

To make stable cell lines expressing CDR-grafted IgGl 
whole antibody arid CDR-grafted Fab' the gLl and gL2 genes 
were first isoleited as Clal-EcoRl fragments from pAL43 and 
pAL44 and cloned into the vector pMRR017, a derivative of 
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pEE14 with a useful poly-linker inserted at the BamHI site 
to give plasmids pHMC36 and pHMC37 respectively ( see 
Figure 16). The gHl(IgGl), gH2(IgGl), gHl(Pd delta cys) 
and gH2(Fd delta cys) genes were isolated as Hindi 11 -BamHI 
fragments from pAL45, 46, 49 and 50 respectively and 
cloned along with an EcoRl-Hindlll fragment carrying the 
SV40 polyA and hCMV promoter between the EcoRl and BamHI 
sites of pHMC36 to give plasmids pHMC43 (gLl-gHl), 
pHMC44{gLl-gH2), pAL53 (gLl-gHlFd delta cys) and pAL54 
(gLl-gH2Fd delta cys), Thiese GS double gene expression 
plasmids (see Figure 16) were transfected into CHO-Kl 
cells to give CDR-graf ted IgGl whole antibody and 
CDR-grafted Fab' producing cell lines substantially as 
described in previous Examples. 
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Example . 6; 

Production .of A5B7 an-bibody fragments in E> coli 

Chijneric and CDR-grafted A5B7 Fab' fragments (the gLlgH2 
CDR-graf ted variant was used) were also expressed in an 
E> cpli sebretion system^ this being the preferred 
expressiptL host for large scale production of antibody 
fragments.; 
• .•'?. 

For expression/secretion in E ♦ coli the natural signal 
sequences of the A5B7 heavy and light chains were first 
replaced with the signal sequence of the E. coli outer 
membrane protein ompA (Movva et al ^ 28). A 92 base pair 
fragment encoding^ the=ompA™signal- sequence a^ including- „ 
the oii5>A translation initiation region was assembled from 
oligonucleotides and cloned into the phagemid vector pSK^ 
(from Stratagene Cloning Systems) between the Xhol and 
Hindlll sites.. The DKA £uid amino acid sequence of the 92 
base pair fragment were as follows: 

met ly s ly sthralaileal ailealaval al a 
TCGAGTTCTAjGATiy^CGAGGCGTAAAAAATGAAAAAGACAC^ 
CAAGATCTATTGCTCCGCATTTTTTACTTT 

leualaglyphealathrvalalaglnala 

CTGGCTGGTTTCGCTACCGTAGCGCA 

GACCGAGGA^GCGATGGCATCGCGTTCGA 

A clone shown by DNA sequencing to carry the . above 
sequence iii pSK"^ was designated pSKompA. 

For the; chimeric A5B7 light chain a 650 base pair 
Sacl-EcoRl. fragment encoding most of Vj^ and all of C kappa 
was ispiafeed from pHMC19 A precise fusion of the 
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chimeric Light chain to the ompA ..signal sequence was made 
by ligating this Sacl-EcoRl fragm nt into pSKompA digested 
with Hindi 11 and EcoRl together with a 54 base pair 
Hindi 11-Sacl fragment assembled from oligonucleotides and 
comprising the DNA sequence encoding the 3' region of the 
ompA signal sequence and the 5' region of A5B7 Vx,- The 
sequence of the 51 base pair fragment was as follows: 

5 ' AGCTCAAACTGTTCTCTCCCAGTCTCCAGCAATCCTGTCTGCATCTC 3 ' 

3 ' GTTTGACAAGAGAGGGTCAGAPGTCGTTAGGACAGACGTAGAGGTCC 5 ' 

A clone containing the correct sequence was identified by 
DNA sequencing and designated pSKompA-cLc. 

For the chimeric A5B7^ heayy_chain a 580 base pair 
Avall-EcoRl fragment encoding most of Vh and all of the 
CHI and (delta cys) hinge domains was isolated from 
pBG14. A precise fusion of the chimeric heavy chain to 
the ompA signal sequence was made by ligating the 
Avall-EcoRl fragment into pSKon^^A digested with Hindi 11 
and EcoRl together with a 120 base pair fragment assembled 
from oligonucleotides and comprising the DNA sequence 
encoding the 3' end of the ompA signal sequence and the 5' 
region of Vg. The sequence of the 120 base pair fragment 
was as follows: 

5 ' AGCTGAGGTGAAGCTTGTGGAGTCTGGAGGAGGGTTGGTACAGCCTGGGGGTTCTCTGA 
3' CTCCACTTCGAACACCTCAGACCTCCTCCGAACCATGTCGGACCCCCAAGAGACT 

GACTCTCCTGTGCAACTTCTGGGTTCACCTTCACTGATTACTACATGAACTGG 3' 
CTGAGAGGACACGTTGAAGACCCAAGTGGAAGTGACTAATGATGTACTTGACCCAGG 5 ' 

A clone containing the correct sequence was identified by 
DNA sequencing and designated pSKompA-cFd, 
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For expression of th chimeric Fab' the ompA-cLc fusion 
was -then removed from pSKoinpA-cIjC on a Xhol-EcoRl fragment 
and cloned into the expression vector pACtac digested with 
Sali and g^artiaily with EcoRl (see Figure 17). pACtac 
was constructed by replacing the Amp^ selectable marker 
and pUClS-derived replication ftinctions of the expression 
plasmid^ pTTQ9 (Amersham International) with the Cm^ 
selectable marker and replication functions of pACYC184 
(Chsmg & Cohen/ 1978, J. Bacterid, 134 ; 1141-1156). 
(Partial EcoRl. digestion was required because pACtac 
contains a second EcoRl site, in the Cm^ gene.) A 
plastnid with ompA-cLc inserted adjacent to the tac 
promoter was identified by restriction mapping and DNA 
sequencing and designated pMRR024. 

The dmpA-rcFd fragment was removed from pSKompA-cFd as a 
Xhol-Smal fragment aiid cloned into pSP73 (Promega 
Corporation) digested with Sail and Pvull, to give a 
plasmid desigiiatisd pMRR027. The ompA-cFd fusion was then 
removed from .pMRR027 as an EcoRl fragment, which was 
cloned into pMRR024 partially digested with EcoRl. A 
clone carrying ompA-cFd oriented for transcription from 
the tac prompter (along with ompA-cLc) was identified by 
restriction mapping and DKA sequencing and designated 
pMRR028. 

pMRRO 2 8 wi^s transformed into E. coli strain W3110 (ATCC 
strain 27325). Strain W3110 (pMRR028) was grown in a 
1.5L fermenter in medium containing chloramphenicol to 
maintain selection fot retention of the plasmid. At a 
culture p.D 60()nm of 10 expression of the A5B7 Fab' genes 
from the tac p>romoter was induced by adding the inducer 
IPTG to a final concentration of ImM. Direct CEA binding 
assays were performed oh crude culture supernatant samples 
taken from this culture at time points 0, 3, 4, 5, 6, 7 
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and 8 hours afcer induction. The' results of these 
assays, together with that of a chimeric A5B7 Fab' 
standard made and purified from mammalian cells are shown 
in Figure 18. They demonstrate the accumulation of 
active chimeric A5B7 Pab' in the E. coli culture medium. 
SDS-PAGE analysis on the same crude culture medium san^jles 
revealed proteins with mobility of the size expected for 
Fab' heavy and light chains. N-terminal protein 
sequencing on these proteins revealed the N-terminal amino 
acid sequences of mature ASB7 heavy and light chains, 
showing that the ompA signal sequence had been accurately 
cleaved from both. Estimates (by OD 280nM measurements 
and by SDS-PAGE) for the chimeric Fab' in the E. coli 
culture medium were performed; the results suggested 
yields in excess of 30mg/I. after,purifioation. 

For the CDR-grafted ASB7 Fab' light chain a 620 base pair 
Hphl-EcoRl fragment encoding most of Vi, for the gLl 
variant and all of C kappa was isolated from pAL43. A 
precise fusion of the grafted light chain to the ompA 
signal sequence was made by ligating the Hph-EcoRl 
fragment into pSKompA digested . with Hindi 11 and EcoRl 
together with a 62 base pair fragment assembled from 
oligonucleotides and encoding the 3' end of the ompA 
signal sequence and the 5' end of the CDR-grafted Vl. 
The sequence of the synthetic fragment was as follows: 

AGCTCAGACTGTACTCACTCAGAGTCCAAGTAGTCTCAGTGTAAGTGTAGGTGATAGGGTAA 
GTCTGACATGAGTGAGTCTCAGGTTCATCAGAGTCACATTCACATCCACTATCCCAT 

A clone carrying the correct sequence was identified by 
DNA sequencing and designated pMRR034. 

For the CDR-grafted A5B7 Fab' heavy chain gene a 720 base 
pair Pvull-EcoRl fragment encoding most of Vg for the gH2 
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variant kiid. all and the (delta cys) hinge domains 

was Isolated £r am A precise fusion of this 

grafted H chain to . the ompA signal sequence was made by 
ligating this Pvu.ll-EcoRl fragment into pSKompA digested 
with Hindi 11 and EcoRl together with a vary short fragment 
assembled from oligonucleotides and encoding the 3 end of 
the QS^. signal and the 5' end of the CDR-grafted Vq. 
The seguesLce of the short adaptor fragment was as follows r 

' S/^ AGCTGAGGTGCAG 3 ' 
3r CTCCACGTC 5' 

A clone containing the correct sequence was identified by 
DNA sequexxcing ^d designated p!^^d37 » 

For expression of CDR-grafted Fab' the ompA-gLl fusion was 
taken from pMRR034 as a Xhol-£coRl fragment and cloned 
into pACtac digested with Sail and partially with EcoRl. 
A clone carry ding on^iA-gLl adjacent to the tac promoter was 
identified by restriction mapping and DNA secpiencing and 
designated pmRH038*. The ompA-gH2 fusion was then taken 
from pMRRb37 as a Xhol-Smai fragment and cloned into pSP73 
doubly digested with Pvull and EcoRl to give a plasmid 
designated pMRR04I. The ompA-gH2 fusion was then removed 
fros^ pMRR041 .bls an FcoRl fragment and cloned into pMRROBS 
partially . ;diges ted with EcpRl. A clone carrying the 
ompA-gH2 fusion oriented for transcription from the tac 
promoter < along with ompA-gLl) was identified by 
restriction mapping and DNA sequencing and designated 
PMRR045. 

pMRR045 was transformed into E. coli strain W3110 and the 
W3110 (pMRR045) strain resulting was grown in a 1.5L 
fermenter. Expression of the CDR-grafted Pab' genes was 
induced as described above for the, chimeric Fab ' genes. 
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Crude culture supernatant samples from this culture at 
time points 1, 4, 5, 6, 11 'and 22 hours after induction 
were used in direct CEA binding assays and yield 
estimates. The results of the CEA binding assays are 
given in Figure 19 and show the accumulation of material 
active in antigen binding. SDS-PAGE analysis of these 
supernatant samples demonstrated the presence of proteins 
of the size expected, and suggested yields in excess of 
30mg/L. 
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1- A hxuaanised antibody molecule (HAM) having 

. specificity for carcinoembryonic antigen and having 
etn. antigen binding site wherein at least one of the 
comjjiementarity determining regions (CDRs) of the 
vairiable domains is derived from the mouse monoclonal 
ahtifaody A5B7 (A5B7 MAb) and the remaining 
immunpglobulin-derived parts of the HAM are derived 
. froid::a human immunoglobulin* 

2. A HAM according to Claim 1 which is a chimeric 
humaftised antibody. 

3. A HAM according to Claim 1 which is a CDR-grafted 
humahised antibody. ^ 

4 . A HAM according to any one of Claims 1-3 when 
produced by recombinant DNA technology . 

5. A HAM according to any one of claims 1-4, which 

. comprises a complete antibody molecule, or a Fab, 
Fab'> . (Fab' ) 2 or Fv fragment, or a single chain 
antibody fragment. 

6. A HAM according to any one of claims 1-5, wherein an 
effector or reporter molecule is attached thereto. 

7. A CDR-grafted HAM according to any one of Claims 3-6 
comprising LAY, POM, TUR, TEI, KOL, NEWM, REX or EU 
variable region framework sequences for the heavy 
and/ or light chains. 

8. A CKl-grafted HAM according to Claim 7 comprising LAY 
variable region framework sequences for both the 
hea,^ .ahd light chains. 
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A CDR-grafted HAM accor .ng to any one of Claims 3-8 
having ASB7 CDRs at positions 24 to 34 fCDRlJ .. 5 0 to 
56 (CDR2) and 92 to 96 or 89 to 97 (CDR3) of the 
light chain vsuriable region. 

Q. A CDR=grafted BAM according to any one of Claims 3-9 
comprising A5B7 residues at one or more of positions 
1, 2 and/or 3, 46, 47, 49, 60, 70, 84,. 85 and 87, 
preferably at at least positions 46 and 47, of the 
light chain variable region. 

1. A CDR-grafted HAM according to any one of Claims 3-10 
having A5B7 CDRs at positions 24 to 35 or 26 to 35 
(CDRI), 50 to 65 (CDR2) and 95 to 100 or 94 to 100 

JCDR3^)^ of the^ heavy chain_vari 

I' A CDR-grafted HAM according to any one of Claims 3-11 
having A5B7 residues at any one or more of positions 
23 and/or 24, 71 and/or 73, 48 and/or 49, 69, 76 
and/or 78, 80, 88 and/or 91 and 6 of the heavy chain 
varicUsle region. 

. A CDR-grafted HAM according to Claim 8, comprising 
A5B7 residues at positions 1, 2, 3, 4, 46 and 71, and 
especially also at positions 21, 47 and 73, of the 
light chain, and at positions 1, 24, 48, 49, 72, 73, 
76 and 93, and especially also at positions 82b and 
86, of the heavy chain. 

. A CDR-grafted HAM according to Claim 13, comprising 
A5B7 CDRs at positions 24 to 34 (CDI^), 50 to 56 
(CDR2) and 89 to 97 (CDR3) of the light chain, and at 
positions 26 to 35 (CDRI) 50 to 65 (CDR2) and 95 to 
102 (CDR3) of the heavy chain. 
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15. ; A thetapetitic or diagnostic composition comprising a 

HAM according to any one of. the preceding claims in 
combination with a pharmaceutically acceptable 
ekcipient, diluent or carrier. 

16. A therapeutic or diagnostic method comprising 

. administering an effective amount of a therapeutic or 
diagriostic composition according to Claim 15 to a 
human, subject. 

17 • A prbcess for producing a HAM according to any one of 
clai Tfts 1* to 14 f which process comprises 

(a) producing in an expression vector an operon 

_ having, a DNA sequence which encodes an antibody 
. heavy . or light chain comprising a variable 
domain wherein at least one of the. CDRs of the 
yariable domain is derived from the A5B7 MAb and 
. the remaining immunoglobulin-derived parts of 
• the antibody chain are derived from a human 
.immunoglobulin; 

(b) producing in an expression vector an operon 
haying a DNA sequence which encodes a 

. complementary antibody light or heavy chaiji 
comprising a veuriable domain wherein at least 
one of the CDRs of the variable domain is 
... derived from the A5B7 MAb and the remaining 
immunogiobulih-derived parts of the antibody 
chain, are derived from a human immunoglobulin. 

(c) ^ transf ecting a host cell with the or each 

.vector; and 

(d) .. culturing the transfected cell line to produce 
' . the HAM. 
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18. A process according to Claim 17 , wherein the heavy 

and light chain encoding sequences are present on the 
same vector. 

19 • A process according to Claim 11, wherein the heavy 
and light chain encoding sequences are present on 
separate vectors. 

20. A process according to any one Claims 17-19 for the 
production of an antibody fragment in which the host 
cell is a bacterial host cell. 

21. A process according to any one of Claims 17-19 in 
which the host cell is a Tnatmnalian host cell. 
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A5B7! light chain sequence 
DNA and protein sequence of the VI domain 



Fig. 1 



ATGGATTTTCAAGTGCAGATTTTCAGCTTCCTGCTAATCAGTGCTTCAGTCATAATGTCC 
MDFQVQIFSFLLISASVIMS 

AGAGGACAAACTGTTCTCTCCCAGTCTCCAGCAATCCTGTCTGCATCTCCAGGGGAGAA.G 
RGQTVLS QSPAILSASPGEK 

GTCACAATGACTTGCAGGGCCAGCTCAAGTGTAACTTACATTCACTGGTACCAGCAGAAG 
VTMTCRASSSVTYIHVJYQQK 

CCAGGATCCTCCCCCAAATCCTGGATTTATGCCACATCCAACCTGGCTTCTGGAGTCCCT 
PGSSPKSWIYA TSNLA SGVP 

GCTCGCTTCXGTGGCAGTGGGTCTGGGACC7CTTACTCTCTCACAATCXGCAGAG7GGAG 
ARFSGSGSGTSYSLTISRVE 



GCTGAAGATGCTGCCACTTATTACTGCCAACATTGGAC-TAGTAAACCACCGACGrTCGG 
AEDAATY YCQKWSSKPPTFG 

GGAGGCACCAAGCTGGAAATCAAACGG 
GGTK LEIKR 

A5B7: heavy chain sequence 

DNA and protein sequence of the Vh domain 

ATGAAGTTGTGGCTGAACTGGATTTTCCTTGTAACACTTTTAAATGGTATCCAGTGTGAG 
MKLV7LNWIFLVTLLNGIQCS 

GTGAAGCTGGTGGAGTCTGGAGGAGGCTTGGTACAGCCTGGGGGTTCTCTGAGACTCTCC 
VKLVESGGGLVQPGGSLRLS 

TGTGCAACTTCTGGGTTCACCTTCACTGATTACTACATGAACTGGGTCCGCCAGCCTCCA 
CATSGFTFTDYYMNWVRQPP 

GGAAAGGCACTTGAGTGGTTGGGTTTTATTGGAAACAAAGCTAATGGTTACACAACAGAG 
GKALEWLGFIGNKANGYTTE 

TACAGTGCATCTGTGAAGGGTCGGT7CACCATCTCCAGAGATAAATCCCAAAGCATCCTC 
YSASVKGRFTISRDKSQSIL 

TATCTTCA-AATGAACACCCTGAGAGCTGAGGACAGTGCCACTTATTACTGTACAAGAGAT 
YL QMNTLRAEDSATYYCTRD 

AGGGGGCTACGGTTCTACTTTGACTACTGGGGCCAAGGCACCACTCTCACAGTCTCCTCA 
RGLRFYFDYWGQGTTLTVSS 
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Construction of A5B7 chimeric heavy chain gene. 



Fig. 2 



A5B7 murine heavy chain gene 
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E = EcoRI 
B = BamHI 
H = Hindlll 
Ba = BanI 
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Construction of A5B7 chimeric llnht chain aene 
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Fig. 3 

E = EcoRI 
H = Hindlll 
N = Nan 



SUBSTITUTE SHEET 



wo 92/01059 



PCr/GB91/01108 



Vl7 



Fig. A 



CEA binding of chimeric A5B7. 




cHC = chimeric heavy chain. 
cLC = chimeric light chain. 
mHC = mouse heavy chain. 
mLC = mouse light chain. 
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